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M.J.D. White, working in the United States in the 1940’s and early 1950’s and 
subsequently in Australia from 1954 to the present, has been the main driving force in 
promotion. of use of cytology in systematics, particularly of Orthoptera. Use of cytology 
In systematics of the group is not new; McClung (1908, 1914) and others studied 
chromosomes of Orthoptera and Robertson (1916) developed a rather good treatise on 
many species of Orthoptera. 

More recently, White has carried out a very comprehensive survey of the Morabine 
grasshoppers of Australia (Orthoptera: Eumastacidae) which enabled Key (1976) to 
complete the work on generic and suprageneric classification of the group. Forty genera 
are now recognized in the Morabinae (36 of which were new) and 33 new species were 
described. One of the more interesting aspects of this work is that karyotypic characters 
were used in a numerical analysis, together with dimensional and meristic characters and 
those of the phallic complex. 

White (1970) stated that the Eumastacoidea showed a greater diversity of karyoty- 
pes than the Acridoidea, each subfamily of the former usually showing a different typical 
karyotype. 

Karyotypes are useful in themselves and it is becoming rather common to see karyotypes or 
even more often the number of male diploid chromosome complement listed in species 
descriptions, In fact, karyotype can be used in precisely the same way as shape of the 
genitalia as a taxonomic character. However, since “evolution is a cytogenetic process” 
(White 1970) one usually will delve deeper into the study of chromosome structure and 
behaviour. The basic number, “modal number” or‘‘nombre fondamental” of chromosomes 
in Acrididae is said to be 2n ¢=23, meaning that there are 11 pairs of autosomes and a 
single X or sex-determining chromosome. In many genera, this is the case. However, we 
know that in the Acrididae there occur 13 different chromosome numbers, ranging from 
23 to 8. The numbers less than 23 are the result of chromosome fusions or chromosome 
deletions which have occurred during species evolution. Species which have 
even-numbered complements in the males (i.¢., 2n d= 22 or 2n d= 8 are ones in which 
the X-chromosome has undergone fusion with autosome resulting in neo-XY sex 
chromosome makeup rather than the original XO (White, 1970; Hewitt and John, 1972). 

While karyotypes are useful, they cannot be used to distinguish between many 
known genera (i.e. very many have a complement of 2nd= 23). Careful examination 
of the chromosomes making up these karyotypes often will provide valuable information. 
Careful measurements may show differences between species in lengths of comparable 
chromosomes. Spectrophotometric analysis to measure amount of DNA present may 
reveal differences (John and Hewitt 1966). One useful character, one that has been found to 
vary greatly even in closely related species, is the length of the small second artns of 
acrocentric chromosomes. 

Since we are concerned with variation, the study of polymorphic chtomosomal 
rearrangements is useful, though sometimes confusing in that populations may contain 
individuals with slightly differing karyotypes. 
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P.G. Fontana, a former student of White, and more recently a student under my 
direction, worked on cytology of North American orthopteroids, and in particular on 
three genera of eastern North American grasshoppers, Boonacris, Dendrotettix and 
Appalachia (Acrididae; Melanoplinae; Podismini). Thirteen populations of 2 species of 
Boonacris, one with 3 subspecies, were studied and compared with representatives of the 
other two genera. 

In general the eastern populations of Boonacris, which included B, variegata 
(Scudder), B. glacialis glacialis (Scudder), B. glacialis canadensis (E.M. Walker) and B. 
glacialis amplicerca (Caudell and Allard), showed a high degree of karyotypic stability. 
The standard karyotype of these eastern Boonacris species is 20 telocentric autosomes; 
the sex-determining mechanism is the XO/XX type. The autosomes occur as 2 long, 6 
medium and 2 short pairs; the X-chromosome is the third largest member of the 
complement. The amount of intra -and inter- population variation is quite similar to that 
observed between taxa. The length of each member of the chromosome complement is 
extremely stable and could not be used to differentiate between species of subspecies. A 
single B-chromosome was found in a small proportion of individuals of cach sex of a 
population of Boonacris variegata (Scudder) from Mt. Mitchell, North Carolina. No 
supernumerary chromosome was found in any of the other populations of Boonacris. 


TABLE 1. 


Assignment of genera in tribal groupings by Rehn and Randell (1963, pp. 10—11) 
Compare With Table 2 


Supertribe Melanoplini 
Tribe Podismini 


1. Group Podismae 2. Group Miramellae 


Micropodisma  Podisma Indopodisma Parapodisma 
Zubovskya Bohemanella Oropodisma Sinopodisma 
Boonacris Odontopodisma* Cophopodisma Pseudoprumna* 
Dendrotettix Pseudopodisma* Epipodisma 
Appalachia Yunnanacris * Miramella 
Eirenephilus Niitakacris* Chortopodisma 
Ognevia 
3. Group Bradynotae 4. Group Primnoae 
Hypsalonria Kingdonella Primnoa 
Hebardacris Asemoplus Prumnacris 
Argiacris Bradynotes Pachypodisma 
Buckellacris *Atypical 








V. R. VICKERY, The value of cytology in taxonomy 91 
TABLE 2, 


Proposed assignment of genera of the Podismini to subtribal groupings 
(Based upon known cytogenetic data of the species) 


Subfamily Melanoplinae 
Tribe Podismini 


1. Subtribe Podismina (2n d= 22+ X0) 2. Subtribe Miramellina (2n d= 20+ X0) 


Podisma Miramella 
pedestris pedestris alpina 
pedestris melisi Boonacris 
pedestris caprai ` glacialis glacialis 
pedestris dechambreil - glacialis canadensis 
emiliae i glacialis amplicerca 
Cophopodisma variegata 
costai Parapodisma 
Dendrotettix mikado 
quercus dairisama 
Appalachia Sinopodisma 
arcana2 shirakii2 
(Parapodisma? ) splendida? 
sapporensis kodamae? 
Niitakakris 
nosaceanum 
(Podisma? ) 
motodamariensis 


1 Some populations have male complement 20 + neo XY, due to X—L3 fusion. 


2 Some chromosomes acrocentric. All others in all species are telocentric. 


medium and 3 short pairs. Two males were found to have B-chromosomes; one had a 
single B, while the other had 2 Bs. In both cases the Bs were small but highly stable, but 
behaved differently than those found in Boonacris variegata, being isopycnotic with the 
autosomes at 1st metaphase rather than negatively heteropycnotic as in B, variegata, 

The chromosome complement of the unique endemic species from Michigan, 
Appalachia arcana Hubbell and Cantrall, is rather similar to that of Dendrotettix quercus, 
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TABLE 3. 
Kary otypes of some genera of Nemobiinae. 
EUROPE: 2né Karyotype 


Nemobius 
N. sylvestris Bosc.* 17 


NORTH AMERICA 


Neonemobius 

N. palustris (Blatchley) 19 

N, variegatus (Bruner) 19 

Pictonemobius 

P, ambitiosus (Scudder)* 19 

Allonemobius 

A. fasciatus (De Geer)* 15 

A. allardi (Alex. & Thomas) 15 

A. maculatus (Blatchley) 15 

A. g. griseus (E.M. Walker) | 15 

A, tinnulus (Fulton) 15 

Eunemobius 

E. carolinus carolinus (Scudder)* 7 

E, melodius (Alex. & Thomas) 7 
F 


E. confusus (Blatchley) 


*Type species of the genus. 


male-23, female-24 chromosomes; 2 large, 6 medium and 3 short autosomes; single X 
ranking third in size. However, the similarity is superficial as three major differences 
between them were found. In A, arcana, the short arms are considerably longer than in 
any other of the taxa which were studied (in fact, the S10 is unusual in being a genuine 
acrocentric (two-armed pair) and overall lengt was greater; S10 is heterochromatic and 
precociously heteropycnotic at prophase I; mean cell chiasma frequency is much greater. 


It is clear that the differences in chromosome complements separates the taxa 
studied into two groups: (1) Boonacris with 2nd=21 and (2) Dendrotettix and 
_Appalachia with 2n d = 23. It appears obvious, on morphological and other grounds, that 
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the genera are related and are derived from common basic stock from which the 
contemporary genus Podisma has differentiated only slightly. This brings the problem of 
different complements into focus: finding an explanation for the difference made 
necessary a study of the entire podismoid complex, or at least those members for which 
cytological information was available in literature. It soon became apparent that the 
‘“‘podismoid complex” is composed of two groups, one with male 2n d = 21 and the other 
with male 2n 6 = 23 chromosome fcomplements. , The group with male diploid 
complement ot 21 chromosomes is obviously derived from the 23 chromosome group. 
The difference, probably caused by chromosome deletion, certainly took place early in 
the evolution of podismoid stock, probably prior to the expansionary phase of the 
ancestral Asiatic stock. It is highly improbable that the species with 21 chromosomes 
have originated independently by means of separate chromosomal rearrangements 
involving different autosomes, In fact, the available data show that in the 21-chromosome 
species it is always the smallest autosome pair (S11) which is missing. There is convincing 
evidence that elimination of small, unstable heterochromatic autosome pairs and 
subsequent fixation of a lesser chromosom< number in the basic karyotype is a relatively 
common phenomenon (Gustavsson and Sundt, 1967). In fact, in the genera we studied, it 
is apparent that the relative lengths of the autosomes in the 21-chromosome group is 
greater than the lengths of the equivalent autosome pairs of the 23-chromosome group. 
This indicates that the pair of autosomes which is missing in the 21-chromosome group is 
not, in fact, lost, but that their chromatin material has been added to other autosomes. In 
many grasshoppers, the small autosomes occur as heteromorphic pairs due to disparities 
in the amounts of heterochromatin (occasionally, as in Calliptamus and others, they may 
form univalents; White 1973), Also, we found that some of the small autosomal pairs in 
the podismines are largely heterochromatic, precocious and occasionally asynaptic at 
meiosis, and so are prone to non-disjunction and polysomy. 

The evidence then clearly indicates an early loss of an autosomal pair in certain of 
the podismine ancestral stock, followed by evolutionary development into specific and 
generic components in eastern Asia. Rehn and Rehn (1939) and Rehn (1950) stated that 
eastern Asia was undoubtedly the region where the greatest differentiation of the 
podismoid assemblage occured, and is the region where a large number of genera are 
found in present times. 

Early, pre-glacial migration into North America seems to be indicated by the 
present distribution in that continent, two widely separated areas, one eastern, mainly 
Appalachian, and the other western, in the Cascade, Sierra Nevada and Coast Ranges of 
mountains, In the Palaearctic Region, the present distribution also shows the effects of 
glacial influences (Hewitt and John 1972). The early split into differing karyotypes makes 
it possible to arrange the genera of the Podismoid complex into two tribes, in which the 
relationships of members of a tribe is greater than with members of the other tribe, in 
other words a tribal arrangement which is truly phylogenetic. Fossil evidence is not 
available, but the cytological evidence clearly is sufficient. 

Rehn and Randell (1963) proposed a tribal classification for the Podismoid group. 
Their classification appears to be based entirely on arbitrary evaluation of phenetic 
similarities andj to be biased by the historical categorization of the taxa in question (see 
also comments by Cohn and Cantrall 1974, p. 18). Although cytogenetic knowledge of 
the Podismoid group is still incomplete, present data indicate clearly that the groupings of 
Rehn and Randell are phylogenetically heterogenous. Genetic homogeneity in groupings 
is the essence of an evolutionary classification. 

Table 1 shows the assignment of Podismoid genera to various tribal groupings by 
Rehn and Randell (1963). They recognized a Supertribe, the Melanoplini, a Tribe 
Podismini, with inferior categories, which they called groups. In fact, the “Groups” 
should have been called “‘Subtribes” with appropriate “ina” subtribal suffixes instead of 
the meaningless “ae” suffixes which they employed. 

Table 2 shows the proposed Tribal classification for the group for those species 
which are known cytogenetically. Only 9 genera can be assigned at present but even 
within the limited number shown in Table 2, it is apparent that cytological evidence 
makes possible much more precise assignment at tribal and generic levels. Among the 
species listed in Table 2, it is evident that some generic reassignment is necessary. 
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Parapodisma clearly belongs in the 21-chromosome group, but the species, sapporensis, 
which has been included in Parapodisma has 2n 6 = 23 chromosomes. Similarly, Podisma 
belongs in the 23 chromosome group and the species motodomariensis, which has only 
2n 6 = 21 chromosomes, clearly does not belong in the genus. Podisma. 

This indicates that chromosome number alone can assist in recognition of 
relationships between genera and even within certain supposedly stable generic entities. 
When chromosome structure, configuration and behaviour are included, we must 
acknowledge that cytological study has certainly not been used to full advantage. Part of 
the reason for this is the great difficulty in obtaining specimens, which are properly fixed 
for cytological study, from a geographical area large enough to encompass whole tribes or 
even genera, within our limited resources of time and money. 

An ideal situation might be one in which the whole of the Podismini might be 
studied and compared at the same time. On a somewhat smaller scale, geographically but 
not numerically, a complete cytological study of the genus Melanoplus could be quite 
rewarding and very useful in revising the genus, a task long overdue, 

It may be noted here that we recognize the Melanoplinae as a subfamily of the 
Family Acrididae and consider the Podismini as a tribe in the Melanoplinae, rather than as 
a subfamily (Podisminae) as recognized by Dirsh (1975). 

It may perhaps be interesting to close on a note from another group of 
orthopteroids, the crickets of the Subfamily Nemobiinae. For most of the Order 
Grylloptera, katydids, bush crickets and crickets, there is no “modal number”. In 
Acrididae a modal number of 2n d= 23 is found very widely. In nemobiine crickets at 
least, the chromosome number, although much more variable, seems to be fixed at 
generic level, Hebard (1913) divided the genus “Nemobius”, as he called it, in North 
America into subgenera but the names of the subgenera were not used or recognized for 
many subsequent years. In 1970, Vickery and Johnstone pointed out that no North 
American species actually belonged in the genus Nemobius and, therefore, established the 
names proposed by Hebard at generic level. The karyotypes of these genera are interesting 
(Table 3). The type species of Nemobius, N, sylvestris Bos¢ has a chromosome 
complement of 2n d= 17 (Favrelle, 1936). One of our students, Lim (1971), stowed that 
three of the North American genera had quite different karyotypes, Allonemobius, 2n 
ó = 15; Neonemobius, 2n d= 19; Eunemobius, 2nd=7. The genus Pictonemobtus Vickery 
and Johnstone also has a 2nd=19 complement, but its karyotypic configuration is 
different from the others having the same chromosome number. 

It is suspected that chromosome loss has been independent in the generic groups, It 
appears that a diploid male complement of 19 chromosomes is the base number, i.e., the 
primitive number, and that repeated alterations in configurations have produced the 
genera having fewer chromosomes. It is also apparent that the genus Nemobius, the type 
genus of the subfamily, is not typical for the subfamily in terms of karyotype or 
morphologically or behaviourally, as was pointed out by Vickery & Johnstone (1970). 

It can be seen, therefore, that the chromosomes of orthopteroids can provide a 
great deal of information, much of which is taxonomically significant. 
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